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SUMMARY

of the effectiveness of a wing equipped with a 50-
flap, a 30-percent-chord slotted flap,.and a 30-
deflecting propeller slipstreams downwsrd for ver-

. tical take-off and landing has ~e&n ~onducted in a static-thrust facility
at the Langley Aeronautical Laboratory.

The results indicate that with proper settings of the flaps and slat
a turning angle of about 700 was obtained both in and out of the ground-
effect region, but the ratio of resultant force to thrust varied from about
1.00 with-the-model in the position nesrest
of the ground-effect region. With the slat
trizmnedin pitch with the center of gravity

INTRODUCTION

the ground to about 0.86 out
installed, the model could be
located at 42 percent chord.

The 7- by 10-Foot Tunnels Branch of the Iangley Aeronautical
Laboratory is conducting investigations of wing-flap configurations to
determine their effectiveness in deflecting propeller slipstreams down-
wsrd for vertical take-off and landing. The characteristics of plain
flaps with and without a~iliary vsmes are reported in references 1
smd 2. me investigation of a slotted-flap configuration is reported in
reference 3, ground effect in reference 4, and the effects of a leading-
edge slat in reference 5. Reference 6 gives results of a preliminary
investigation of a wing equipped with a sliding flap.
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The present investigationwas.undertaken to extend the investigation
of the sliding flap by incorporating it in a mcdel using two large-
diameter propeX1.ers. Also the model was designed to incorporate features
evolved from the results of previous investigationswh4re possible.

SYM60LS

The positive sense-of forces, moments, and angles is indicated in
figure 1. The pitching ~~nts sre.presented with.refere.nceto the center
of gravity shown in figure 2. The symbols used in the present paper are

—

defined as follows:

wing chord, ft

slat chord, ft

mean aerodynamic chord of wing, ft

propeller dismeter, ft

r~aultant forcej lb

longitudinal force, lb

distance

lift, lb

pitching

from bottom of

moment, ft-lb

total propeller thrust,

—

fuselage to ground board, ft (fig. 1)

lb

attitude with respect to ground, deg

flap deflection, relative to wing chord, deg

slat deflection, relative to wing chord, deg

inclination of resultant force vector from thrust sxisj

tan ‘1 L deg
q?

Subscripts:

30 30-percent-chord

YO ~0-percent-chord

flap

flap

.

.

—
-u
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APPARATUS AND METHODS

A drawing of the model used in the investi,gation ad its pertinent
dimensions are shown in figure 2 and a photograph of the model mounted
for testing is shown in figure 3. The geometric characteristics of the
wing and propellers are given in the following table:

Wing:
Area (semispm), sqf’t. . . . . . . . . . . . . . . . . . . . . 5.50
$@m(setispan),ft. .. . . . . . . . . . . . . . . . . ...3.67
@naerodynamicc hord,ft. . . . . . . . . . . . . . . . . ..1.51
Airfoil section . . . . . . . ~. . . . . . . . . . . . . . NACA 4415
Aspect ratio. . . . . . . . . . . . . . . . . . . . . . . . . . 4.89
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . 0.80
ficidence, deg... . . . . . . . . . . . . . . . .“. . . . . . . 5

Propellers:
Diameter, ft. . . . . . . . . . . . . . . . . . . . . . . . . . 2.0
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .ClarkY

● Solidity (each propeller). . . . . . . . . . . . . . . ~... 0.07

The ordinates of the slotted flap were derived from the slotted flap.
2-h of reference 7 and are presented in table I along with the sketch of
the profile of the sliding flap. The cross section of the 30-percent-
chord leading-edge slat is also shown in table I. The slat was made of
l/8-inch sheet steel smd built up to the desired contour by filMng the
underside with balsa wood. For these tests the upper surface of the wing
was not modified as it would have to be in a practical application in
order to retract the slat; however, it is believed that this difference
would have only a small effect on the results. The end @ate, which was
used in most of the tests, was made of l/16-inch aluminum and is shown
in figure 4. It was located 10.3 inches outboard of the center line of
the outboard propelJer.

The wing was constructed of mahogsny supported by a steel spar. me
half-fuselsge (which served as a support for the horizontal tail used in
the investigation of ref. 8) was also constructed of mahogsmy on a steel
backing plate.

The propeller blades, which were constructed of molded Fiberglas and
balsa wood, were mounted in aluminum hubs. The propellers were driven by
varxble-frequency electric motors from a common power supply. During
the tests, the propeller rotational speed was approximately 6,00Q rpm,
which gave a tip Mach number of 0.58. The speed of each propeller was
determined by obserting a stroboscopic type of indicator, to which was
fed the output frequency of a small alternator connected to the motor
shaft. For most of the tests, the outboard propeller rotated against
the tip vortex (right-hand rotation on right ting) and the inboard pro-
peller rotated in the opposite direction..-
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The motors were mounted inside aluminum-alloynacelles by means of
strain-gage beams in such a way that the-propeller.thrust and torque could
be measured. The total lifty longitudinal force,.and pitching moment of

—.
.

the model were measured on a balance at the root of the wing.

The ground was simulated by a sheet of plywoodj as shown in figure 3.
The height above the ground h was defined as the distance from the
lowest point on the lower side of the half-fuseQge to the ground board
and was measured perpendicular to the ground board. (See fig. 1.) Most-
of the tests were run with an attitud=of 2& measured from the ground
bosrd to the propeller axes.

The investigation was conduct--in a static-thrust facility of the
Langley Aeronautical Laboratory. All data presented were obtained at
zero forward velocity with a thrust of 15 pounds from each propeller.
Inasmuch as the tests were conducted under static conditions in a large
room, none of the corrections that are normally applicable to wind-tunnel
tests were applied.

RESULTS AND DISCUSSION -

M planning the configuration for the presentvinvestigation,use
was made of information obtained in the previous investigations. A
large-chord sliding flap (ref. 6) was used in combination with a shorter
chord slotted flap in order to reduce the diving moments and at the same
time maintain reasonably good turning of the slipstream. Wing incidence
of 5° to the thrust line was also used to increase the turning (ref. 3).
The thrust-line was lowered below the wing chord plane and a leading-
edge slat was added to reduce further the diving moments and the adverse
effects of the ground (refs. 4 and 5). The span of the wing and slat
were increased by adding to the tip so as to capture more–fully the slip-
stream from the outboard propeller (ref. 5).

Effect of End Plate

.
The effect of end-plate size on-the turning effectiveness of’the

wing is illustrated in figure 5. As can be seen, the installation of
an end plate appreciably increased the ratio of reswtsmt=force to thrust
obtained in the ground-effect region; therefore, for all subsequent–tests,
an end plate approximately corresponding to end plate C which gave the
highest increase in the ratio of resultanbforce to thrus~(fig. 5), was
used. The effects of the end plate on the characteristics out–of the
ground-effect region are shown in figures 6 and 7. With the slat—
Installed, higher turning angles were obtwined with the end plate on and,
for a given turning angle, the resultant force was”not c@nged. (See

“

.
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fig. 6(d).) With the slat off (fig, 7(d)), the effects of the end plate
were almost negligible.

*

The difference between the slat-on and slat-off characteristics may
be influenced by the spanwise location of the end plate. The end plate
was located 10.3 inches (86 percent of the propeller radius) outbosrd
of the outboard-propeller axis. Theoretically the slipstream contracts
to 70 percent of the propeller diameter; however, the results of refer-
ence 5 indicated that the slat tends to spread the slipstream. The end-
plate location was chosen on the basis of the slat-on experience. A—
more
off●

wing

inboard location may possibly produce better result= with the slat

The effect of
with the slat

Effect of Flap and Slat Deflection

flap deflection on the turning characteristics of the
off out of the ground-effect region (h/d = m) and in

the position near the mound (h/d ~ 0.08) are sho~ in fi~ures 8 and 99
respectively. When ou~ of the &round-effect region and ti-th 5f,50 =-500,

.
a turning angle of about 68° and a ratio of resultsnt force to thrust of
about 0.86 are achieved (fig. 8). h the position near the ground and

. with the same flap deflection (fig. 9), the turning g.ngleis reduced
to 63°, but the ratio of resultant force to thrust is considerably higher.
Also, the flap deflections required for =imum turning angle in the
ground-effect region sre lower tM those required for maximum turning
angle out of the gro-tid-effectregion.

Addition of the leading-edge slat, at a deflection of 10°, increases
the turning angle to 74° out of the ~ound-effect region (fig. 10) and
to 69o in the position near the ground (fig. 11). Again, as with the
slat-off test (fig. 9), the ratio of resultant force to thrust is consid-
erably increased by the presence of the ground. (Compare figs. 10(d)
and ~(d).)

The pitching-moment data are referred to an assumed center-of-gravity
location shown in figure 2. With the slat off and with the flaps deflected
for maximum turning, the model exhibits diving moments both in and out of
the ground-effect region (figs. 8 and 9), even for this rearward center-
of-gravity location. Adding the slat, however, effectively counteracts
these diving moments at these high turning singles. (See figs. 10 and l.1.)

Comparison of figures 8 and 10 indicates that installation of the
slat slightly reduced the ratio of resultant force to thrust obtained out
of the ground-effect region. The effects of slat deflection on the
turning effectiveness are shown in figures 12 and 13. When out of the
ground-effect region, decreasing the deflection to zero gave a ratio of
resultant force to thrust about equal to that obtained with the slat off



6 NACA TN 3919

.

and had little effect-on the”tw”ning angle. Within the ground-effect
region (fig. 13), however, decreasing the sla_bdef~ction resfitea-in a...
small reduction in turning singlebut-also gave an increase in the ratio .

‘of resultant force to thrust.

The effect of slatrdeflectionon the characteristicsat various
heights above the ground is presented in fig!u?e14. T@ ratio of res~?-
ant force to tbrust%s seen to decrease with increasing slat deflection.
T!hiseffect was also noted in reference 5. At any particular slat
setting, the ratio of resultant fome to thrust also decreases with
increasing height above the ground up to am altitude.of about-one dim-.
eter. Out-o&the ground-effectiegion, however, the ratio of resultant
force to thrust has increased somewhat from the lowest value reached.
This configuration then would have a “ground cushion” (decreasingheight>
increasing the lift) similar to a helicopter up to .aheight above t-he
ground of about one diameter. Above this height$ there is a reversal
(increasingheigh> decreasing the power required) which would probably
not cause any trouble in a vertical take-off but may be troublesome in
a vertical landing.

In general, with proper settings of the flaps md slat, a turning
angle of about 70° car-be obtained both in and out of the ground-effect
region, but the ratio of resultsmt force to thrust vsried from about-1.00
with the model in the position nearestvthe-ground (h]D = 0.08) to about
0.86 with the model in the position outif the ground-effect~egion.

.

.

Effect of Attitude

All ground.effect tests, both in this investigation g,ndin previous
investigations (refs. 4, 5, and 6), have been conducted with an singleof
20° between the propeller thrust axis and the ground.board. The effects
of reducing this angle are indicated in figure 15. In two positions near
the ground (h/D = 0.08,and 0.17), decreasing the attitude increases both
the turning angle and the ratio of results@ force .*othrust. h a
third position near the ground (h/D = 0.83), however, decreasing the at~i-

.-

tude decreases both the turning angle and the ratio of resultant force to
thrust. The significance of these variation cannot be assayed only’from
figure 15 because at an attitude less ththat required for hovering
(about 20°) a forwsrd co~onent of thrust would be present which would

:

accelerate the airplane to a forwsrd speed. The effects of this forward
speed (which ref. 8 indicates can be appreciable) wo@d have to be used
in conjunctionwith the data of figure 15 in assessing the effects of
changing attitude.

.
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Effect of Mode of Propeller Rotation

7

All the data presented herein, with the exception of those presented
in figure 16, were obtained with the outboard propeller rotating against
the tip vortex (right-hand rotation on a right--handwing) and the inboard
propeller operating in the opposite direction. This arrangement gave the
better turning characteristics in reference 2; however, only two of the
four possible modes of rotation were investigated in reference 2. The
effect of the four modes of rotation on the characteristics are shown in
figure 16. The best results are obtained with the outboard propeller
rotating against the tip vortex (as was used in all other tests in this
report) regardless of the direction of rotation of the other propeller.

Effect of Test-Facility Size

The room in which these tests were made is large (18.5 by 42.5 feet
in plan and about 10 feet in height) in relation to the size of the model;
however, in order to verify that the results obtained in this facility
are indicative of essentially free-air conditions, a few tests were made
in a much larger room. The room used was the shop for the Langley 7- by
10-foot tunnels, which is 58 by 98 feet in plan and 16 feet in height.
The relative size of the two rooms, as well as the position of the model
in the two rooms, is shown in figure 17.

A comparison of the data obtained in the shop of the 7- by 10-foot
tunnels and in the room normally used (static-thrustfacility) is pre-
sented in figure 18. The good agreement obtained indicates that the room
normally used is adequate for these tests. However, because of the
reduced recirculation effects in the larger room, the model forces were
much steadier and easier to read than in the room normally used.

CONCLUSIONS

The investigation of the effectiveness of a wing equipped with a
50-percent-chord sliding flap, S 30-percent-chord slotted flap, and a
30-percent-chord slat in deflecting propeller slipstreams downwsrd for
vertical take-off indicates the following conclusions:

1. With proper settings of the flaps and slat, a turning angle of
about 70° was obtained both in and out of the ground-effect region, but
the ratio of resultant force to thrust varied from about 1.00 with the
model in the position nearest the ground to about 0.86 out of the ground-
effect region. With the slat installed, the model could be trimmed in
pitch with the center of gravity located at 42 percent of the mean aero-
dynamic chord.
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The best results were obtained with the outboard propeller,rotating -
the tip vortex, regardless of the direction of rotation of the
propeller. .

Aeronautical Laboratory,
National Advisorj Committee for Aeronautics,

Langley Field, Vs., Cctober 26, 1956. “-

.
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Figure 3.- Photograph of the
L-94231.1

mtiel installed on the static-thrust szand
for testing.
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